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(57) ABSTRACT 

An apparatus and method for performing closed-loop beam 
pointing of a narroW beam at each one of a plurality of target 
nodes of a communication netWork, in accordance With a 
TDMA multiplexing scheme. The invention employs a pro 
cess similar to coning to obtain a plurality of scan points for 
each target node. Asignal strength of a signal received from 
each node is recorded and used by the invention to determine 
an optimal pointing direction relative to each node. This 
optimal pointing direction is updated repeatedly as each of 
the target nodes is scanned. The invention provides the 
accuracy of closed loop beam pointing to be employed With 
TDMA communication links, Which in turn alloWs using 
larger PAA’s With narroW beams, and thereby permitting 
higher data transfer rates to be realiZed over each commu 
nication link. 

15 Claims, 4 Drawing Sheets 
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LINK TRACKING WITH A PHASED ARRAY 
ANTENNA IN A TDMA NETWORK 

FIELD OF THE INVENTION 

This invention relates to phased array antennas used in 
communication systems, and more particularly to an appa 
ratus and method in Which a phased array antenna is scanned 
or “hopped” among several nodes of a TDMA netWork in a 
manner Which alloWs closed loop pointing of the antenna 
relative to each node. 

BACKGROUND OF THE INVENTION 

Forming and maintaining a communication link With an 
antenna, particularly a phased array antenna, having a nar 
roW RF beam, is not a particularly easy task. For example, 
consider the problem of forming a communication link 
betWeen tWo netWork nodes, node A and node B, Where node 
A comprises a phased array antenna (FAA) and node B 
comprises a satellite dish based transponder, after they have 
agreed to form a communication link. Each node must 
further broadcast its location to all other nodes so that any 
node can compute the absolute direction to any other node. 

The next step is determining Which PAA covers the target 
node, in this example node B. For node A, this means 
estimating its oWn orientation in space and then using that 
orientation to compute the orientation of each PAA on the 
node, and ?nally assessing Which PAA’s ?eld of regard 
encompasses node B. The next step is to point the selected 
PAA’s beam at the target node. For the PAA Which forms 
node A, this means computing the aZimuth and elevation 
angles from the PAA boresight to node B. Finally, the signal 
is applied to the PAA of node A (for transmission) or to the 
demodulator thereof (for reception). 
The steps described above constitute “open-loop 

pointing”, that is, pointing the beam in the knoWn direction 
of the target Without using feedback to improve pointing 
accuracy. If the PAA beam is quite Wide, for example, 
tWenty degrees or more, then open-loop pointing may pro 
vide a suf?cient level of accuracy. If the beam is narroW, 
hoWever, open-loop pointing is often not sufficient to 
achieve the needed degree of pointing accuracy. Sources of 
pointing error include misalignment of the antenna mount on 
the vehicle, for example an aircraft; tWisting of the vehicles 
structure betWeen the FAA and an attitude sensor of the 
vehicle; lag time betWeen a vehicle maneuver (e.g., a roll or 
turn) and the response from the attitude sensor; atmospheric 
refraction of the beam; and ionospheric scintillation for 
Earth-to-space links. 

To compensate for the errors described above, closed 
loop pointing is frequently used. With closed-loop pointing 
operations, the received beam is not pointed steadily at the 
target. Rather, it is continually re-pointed (i.e., scanned) in 
various directions angularly offset from the target to scan for 
the direction of the strongest reception. This is illustrated in 
FIG. 1. FIG. 1 illustrates a ?ve-point scan pattern. Each 
circle represents a fraction of the Width of the beam from an 
antenna such as a PAA. In the ?rst scan (circle number 1), 
the beam is pointed in the direction that is estimated to give 
the strongest reception. In the second through ?fth scans, the 
beam is pointed at directions that are angularly offset from 
the direction of the ?rst scan point. The angular offsets are 
determined such that each of the four quadrants about the 
periphery of the ?rst scan point is covered by one scan point. 

At each of the above illustrated scan points, a link control 
system operably associated With the antenna being pointed 
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2 
measures the received signal intensity at each scan point. 
After ?ve scans, it uses the ?ve measurements to compute a 
neW estimate of the optimal pointing direction. In the next 
scan cycle, the pattern Will center on the neWly determined 
optimal pointing direction. This process of scanning the 
beam around a central point is sometimes called “coning”. 
Throughout the scan cycle, the link control system is not 
only measuring the signal strength but also passing the 
received signal to a demodulator associated With the antenna 
being pointed. That is, the link is transporting data While the 
controller maintains optimal pointing of the antenna. 
The coning process described above is Well knoWn in the 

art. The speci?cs of hoW many points to use in the scan, hoW 
far apart they should be pointed (i.e., the angular offset), and 
hoW long each cycle should be are details decided to meet 
the needs of each application. Coning is Well established for 
narroW-beam links Where the beam tracks a single target for 
an extended period of time. 

Until recently, narroW-beam antennas on mobile 
platforms, such as aircraft, could only be used for “continu 
ous” links. By “continuous” it is meant those links Where the 
RF beam points at a single target for an extended period of 
time. HoWever, presently available PAA technology avail 
able from the Boeing Company alloWs a neW type of RF 
link: the “point-and-shoot” TDMA (Time Division Multiple 
Access) link. In this scheme, a single PAA beam is rapidly 
“hopped” (i.e., scanned) among multiple targets (i.e. nodes). 
The advantage is that each platform gets most of the bene?ts 
of multiple high gain links (e.g. improved data rate, reduced 
interference and loWer poWer consumption) Without having 
to use multiple PAAs on the platform. This type of link is the 
enabling concept for several important projects of the Boe 
ing Company Which make use of a netWork incorporating of 
TDMA links involving PAAs to serve up to 200 or more 
mobile terminals. 

When point-and-shoot TDMA links are implemented With 
small PAAs the beams are Wide and there is little need for 
closed-loop pointing. HoWever, for some platforms in 
planned military netWorks, large PAAs With narroW beams 
Will be highly desirable. These high-gain PAAs Would 
permit high data rates on communication links spanning 
many miles. Recent simulations conducted by the Boeing 
Company shoW that the use of TDMA links for a netWork 
making use of large PAAs can improve netWork throughput 
by 15—100% and reduce latency by about 25% compared to 
continuous links. For these long links, atmospheric refrac 
tion becomes a serious concern, so closed-loop pointing is 
required to maintain closure of each link. 

In vieW of the foregoing, it Would be highly desirable, 
then, to implement a closed-loop pointing system for use 
With an antenna operating as part of one node of a netWork 
having a large plurality of nodes, and Which still can be used 
in a netWork requiring point-and-shoot TDMA links to alloW 
the beam to be scanned (i.e. “hopped”) rapidly betWeen 
several nodes of the netWork. 

SUMMARY OF THE INVENTION 

The above and other objects are met by an apparatus and 
method for implementing closed-loop pointing of a beam of 
an antenna forming part of one node on a netWork having a 
large plurality of nodes, and Where the beam is capable of 
being scanned from one node to another rapidly in accor 
dance With a predetermined multiplexing sequence. 
The method of the present invention involves assigning 

each node to speci?c slots of a repeating multiplexing 
sequence. In one preferred form, these slots form Time 
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Division Multiple Access (TDMA) slots. For each node, 
several criteria are established. These criteria are: (1) an 
initial reported location for each node; (2) a desired number 
of scan points to be employed in determining the optimal 
pointing direction of an antenna of the system (representing 
part of one node) relative to a target node; (3) a center of 
scan (COS) ?eld including aZimuth and elevation informa 
tion corresponding to the last-determined optimal pointing 
direction of the antenna relative to a given node; (4) a neXt 
scan point (NSP) ?eld Which de?nes a plurality of integers, 
Wherein each integer is a representative of a unique pointing 
direction Which is angularly offset from the last-determined 
optimal pointing direction for a given node, and Wherein the 
plurality of scan points cooperatively represent a plurality of 
angularly offset pointing directions Which circumscribe the 
last-determined COS information; and (5) a signal strength 
at last scan (SSLS) ?eld for recording each one of a plurality 
of signal strength values determined for signals received by 
the antenna for a given one of the nodes, in correspondence 
With each one of the scan points, While the antenna is aimed 
at a given node. 

The above information is used to alloW the beam of the 
antenna to be rapidly scanned from one node to another in 
accordance With a TDMA multiplexing scheme, but Which 
still enables closed-loop pointing of the beam at each node 
that the antenna has formed a communication link With 
during its scanning. 

In performing the method of the present invention, the 
antenna is ?rst aimed at a selected one of the nodes of the 
netWork in accordance With an initially reported location of 
the given node. The NSP value is then obtained. Information 
is then retrieved from the COS ?eld Which, at this point, 
represents an initially stored “optimal pointing direction” for 
the given node, and Where this information alloWs the beam 
to be aimed at a center of the given node. Next, a unique 
translating function is used to generate aZimuth and eleva 
tion coordinates for the retrieved scan point. The NSP ?eld 
is then incremented and the antenna is pointed in accordance 
With the aZimuth and elevation coordinates generated from 
the above-described unique translating function. The signal 
strength of a signal received from the target node is then 
recorded in a ?rst sub-?eld of the SSLS ?eld. 

The above-described steps are repeated by retrieving the 
neXt scan point from the NSP ?eld, again retrieving infor 
mation stored in the COS ?eld, again using a second unique 
translating function to generate aZimuth and elevation coor 
dinates for a second unique, angularly offset pointing direc 
tion corresponding to the second scan point, incrementing 
the NSP ?eld, pointing the antenna in accordance With the 
aZimuth and elevation coordinates generated from the sec 
ond unique translating function, and recording the signal 
strength of the received signal. These steps are provided for 
each scan point until the last scan point in the NSP ?eld has 
been used. The collective signal strength values stored in the 
SSLS ?eld are then used in connection With a different, 
unique translating function to determine a neW optimal 
pointing direction for the antenna Which corresponds to the 
center of a given node. This neW, optimal pointing direction 
is then stored in the COS ?eld. When the above described 
steps are repeated, the neW, optimal pointing direction 
information Will be used from the COS ?eld. In this manner, 
a neW, optimal pointing direction Will be determined each 
time all of the scan points in the NSP ?eld have been used. 

The above described operation is performed With respect 
to each node of the netWork that is targeted by the antenna. 
Since the present invention makes use of TDMA links, each 
node is assigned a time slot. The antenna (Which is associ 
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4 
ated With one particular node) in one preferred implemen 
tation of the method, is directed at each node in accordance 
With that node’s timeslot. Thus, the method of the present 
invention alloWs a large number of nodes to be addressed by 
any other node, substantially simultaneously, such that the 
above-described closed-loop pointing operation can be per 
formed by the antenna associated With each one of a large 
plurality of nodes. The ability of the speci?c types of 
antennas, particularly, PAA’s available from the Boeing 
Company, to scan from one target to another at rates of 
10,000 times per second enables the method of the present 
invention to provide the needed closed-loop pointing accu 
racy substantially simultaneously to a large plurality of 
nodes. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, While indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limited the scope of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying 
draWings, Wherein: 

FIG. 1 is a simpli?ed diagram of a prior art scan pattern 
used by a phased array antenna in determining a beam center 
of a target, Wherein the target is designated by a “1” in the 
center circle; 

FIG. 2 is a simpli?ed representation of a TDMA scheme 
employed by a preferred embodiment of the present inven 
tion; 

FIG. 3 is a ?oWchart of the steps performed by the present 
invention in implementing the closed loop, point and shoot 
beam centering approach; 

FIG. 4 is a simpli?ed diagram of the scanning pattern 
illustrated in FIG. 1 being applied to With continuous links 
three different nodes of a communications netWork employ 
ing a land-based node, an airborne node in the form of an 
aircraft, and a sea-based node in the form of a ship; 

FIG. 5 is a diagram of an alternative preferred scanning 
pattern employing contiguous dWell; and 

FIG. 6 is a diagram of an alternative interleaved scan 
pattern used for collecting signal strength information to 
determine an optimal pointing direction for a given node. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely eXemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. 

Referring to FIG. 2, there is shoWn a simpli?ed repre 
sentation of a Time Division Multiple Access (TDMA) 
scheme in Which a plurality of nodes, “B”, “C” and “D”, are 
assigned to various timeslots of the TDMA sequence. Thus, 
the antenna forming node A is aimed toWard node B at each 
of TDMA slots 1, 4, 7, 10 and 13. The antenna of node A is 
aimed at node C at each of TDMA slots 2, 5, 8, 11, and 14. 
The antenna of node A is aimed at node D at each of 
timeslots 3, 6, 9, 12, and 15. HoWever, it Will be appreciated 
immediately that a greater or lesser plurality of timeslots 
could be established depending on the overall number of 
nodes incorporated into the communication netWork. In 
actual practice, it is anticipated that communication net 
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Works involving 200 or more nodes may be employed in 
some communication networks With Which the present 
invention may be used. Thus, the illustration of only ?fteen 
TDMA timeslots should be understood as representing a 
highly simpli?ed TDMA sequence. Similarly, the use of 
only three distinct nodes should also be understood as being 
only for purposes of explanation, and that a greater number 
of nodes, often a feW doZen or more, Will be employed in 
most applications of the present invention. 

For each node shoWn in FIG. 2, the present invention 
establishes several criteria. These criteria are: 

Reported location: the latitude, longitude and altitude of 
the node; 

Scan Points: the total number of scan points used in the 
determination of the optimal pointing direction to point the 
antenna at the target node; 

Next Scan Point (NSP) ?eld: a ?eld for containing an 
integer representing the next scan point to be used in the 
process of determining the optimal pointing direction; 

Center of Scan (COS) ?eld: a ?eld for containing the 
optimal pointing direction (i.e. aZimuth and elevation 
angles) for the most recently determined optimal pointing 
direction; and 

Signal Strength at Last Scan (SSLS): a ?eld for recording 
the signal strength of the signal received at each scan point, 
in a corresponding sub-?eld, ?eld, during the process of 
obtaining the optimal pointing direction. These sub-?elds 
may be denoted as “X1”, “X2”, “X3”, “X4”, and “X5”. Each 
of these ?ve sub-?elds are used to record the signal strengths 
obtained at each one of the ?ve scan points used by the 
method of the present invention. 
With a conventional open-loop, point-and-shoot 

approach, the antenna of node AWould point the PAA beam 
straight at the calculated position of each node B, C and D. 
For example, at timeslots 1, 4, 7, 10 and 13, node A Would 
use the reported location of node B to compute its aZimuth 
and elevation, then Would point the PAA directly in accor 
dance With those aZimuth and elevation coordinates. 

With the method of the present invention, hoWever, node 
A is controlled in a different manner Which alloWs the 
closed-loop, point-and-shoot approach to be employed. This 
approach Will noW be described in connection With the How 
chart 10 of FIG. 3 Which represents the steps performed by 
the present invention. For purposes of explanation, a 
description of operation Will be provided for to determining 
the optimal pointing direction relative to node B. It Will be 
appreciated that this operation is performed relative to each 
and every node making up the netWork. 

Initially, the initial reported location of node B is 
obtained, as indicated, at step 12. Next, the Next Scan Point 
(NSP) value is obtained, as indicated, at step 14, together 
With the total number of scan points, as indicated in step 16. 
The NSP value is an integer Which represents a particular 
angularly offset pointing direction relative to node B. Next, 
the Center of Scan (COS) information is obtained, as 
indicated, at step 18. Subsequently, the method of the 
invention uses a unique translation function to obtain the 
aZimuth and elevation information (i.e., angles) necessary to 
point the antenna in a direction corresponding to the desired 
angular offset represented by scan point 1, as indicated at 
step 20. In one exemplary implementation, the COS infor 
mation determines the unit vector @ pointing toWard the 
estimated center of the target node, Where underscore indi 
cates a vector quantity. The angular offset represented by 
each scan point de?nes an aZimuth offset AaZ and an 
elevation offset Ael (both in radians in this example), where 

10 

15 

25 

35 

40 

45 

55 

65 

6 
aZimuth and elevation directions are de?ned relative to some 
reference direction de?ned by unit vector Z. An example of 
a suitable reference direction for Z is the local Zenith 
direction. The unique translation function computes the 
aZimuth change vector as: 

the elevation change vector as 

A_@l=A@l(%><@/|MX@L 

and the actual pointing direction SP for the scan point as 

SP=@+M+A_el 

Where x indicates a vector cross product and |V| indicates the 
magnitude of vector V. 
With further reference to FIG. 3, the antenna of node Ais 

then pointed in accordance With the just-determined coor 
dinates for scan point 1, as indicated at step 22. While 
receiving a signal from node B, node A measures the signal 
strength and records it in sub-?eld X1 in the SSLS ?eld, as 
indicated at step 24. Next, the NSP ?eld is incremented by 
an integer value of one, as indicated at step 26. A check is 
then made to determine if the current NSP integer value is 
equal to ?ve, Which in this example is the last scan point. 
This check is indicated at step 28 of FIG. 3. If the check at 
step 28 indicates a “No” response, then the steps 14—28 are 
performed a second time With the neWly obtained scan point. 
This is repeated until a “Yes” determination is made at step 
28, Whereupon the method then uses the signal strength 
values recorded in sub-?elds X1, X2, X3, X4 and X5, in 
connection With a different function, to determine an 
updated optimal pointing direction, as indicated at step 30. 
The method then uses the signal strength values recorded in 
sub-?elds X1, X2, X3, X4 and X5, in connection With a 
different function, to determine an updated optimal pointing 
direction, as indicated at step 30. This function computes the 
neW pointing direction COS so as to minimiZe the sum of 
squared errors betWeen the measured signal strength values 
X1, X2, X3, X4 and X5 and the predicted values at the ?ve 
angular offsets from the center of the beam, given the shape 
of the beam. Speci?cally, for k signal strength measurements 
X- where “i” is in the range [1 . . . k], and for a beam Whose 
signal strength at various angular offsets relative to the beam 
center is given by a shape function S(AaZ, Ael), the function 
computes the neW @ so as to minimiZe the formula: 

Where the sum is over all values of i in [1 . . . k], AaZi is the 
aZimuth offset relative to the neW @ for measured scan 
point i, and Aeli is the elevation offset relative to the neW 
@ for measured scan point i. 

The information obtained at step 30 is also stored in the 
COS ?eld, as indicated at step 32. This updated COS 
information (representing an optimal pointing direction rela 
tive to node B) is then used to point the antenna of node A 
toWard node B during the next loop through steps 18—22. 

It Will be appreciated that the above described operation 
for determining an optimal pointing direction relative to 
node B occurs only during TDMA timeslots 1, 4, 7, 10 and 
13, as shoWn in FIG. 2. The same steps are performed With 
regard to node C at each of timeslots 2, 5, 8, 11 and 14. 
Likewise, the same steps are performed relative to node D 
at each of timeslots 3, 6, 9, 12 and 15. In the present 
example, at TDMA timeslot 1, the method obtains scan point 
1 and performs the operations of steps 16—28 relative to scan 
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point 1. At timeslot 4, the method performs the same steps 
but With scan point 2. At timeslot 7, the same steps are 
performed With scan point 3 and so forth until all ?ve scan 
points have been used on each and every node. Thus, in this 
example, at timeslot 13, the method of the present invention 
Would determine the updated COS information and point the 
antenna in accordance With this information. 

The ability of a phased array antenna of the Boeing 
Company to be scanned from target to target at a rate of 
several thousand times per second enables the TDMA mul 
tiplexing sequence to be used to make a closed-loop deter 
mination of the optimal pointing direction relative to each 
node, substantially simultaneously, as the antenna beam is 
scanned from one target to another. 

Referring to FIG. 4, a representation of the above 
described operation is illustrated Wherein node B is shoWn 
as a land-based node 38, node C is illustrated as a sea-based 
ship 40 and node D is illustrated as an airborne platform in 
the form of an aircraft 42. With regard to land-based node 
38, the circles denoted by “1”, “4”, “7”, “10” and “13” 
represent the ?ve scan points made relative to this node. The 
circles in the vicinity of ship 40, representing node C, denote 
the scan points taken at TDMA timeslots 2, 5, 8, 11 and 14. 
Similarly, the ?ve circles relative to the aircraft 42 repre 
senting node D represent the scan points taken during 
TDMA timeslots 3, 6, 9, 12 and 15. The spatial pattern of the 
scan points about each of nodes 38, 40 and 42 is essentially 
the same as a conventional coning pattern used in closed 
loop pointing. The principal difference is that the duration of 
the scan pattern is extended by timesharing the beam via the 
TDMA multiplexing scheme among several communication 
links. 

In general, the overall TDMA cycle is unlikely to have the 
same duration as the scan cycle in most applications. Either 
cycle could be longer than the other. In the example pre 
sented herein, each communication link repeats its scan 
every ?fteen timeslots, but the TDMA cycle, in actual 
practice, could have 100 to 1000 or more time slots. 

With reference to FIG. 5, in one alternative form the 
method of the present invention employs a scan cycle Which 
involves multiple samples being taken at each scan point in 
an effort to improve the sampling statistics. For example, 
each scan point might be sampled 50 times before neW COS 
information is computed. In this example, each one of the 
X1, X2, X3, X4 and X5 sub-?elds Would include 50 samples 
Which Would be summed together to produce a ?nal value 
Which Would be stored in each of these sub-?elds. If 50 
samples are taken at each scan point, then in this example 
Where ?ve scan points are employed, 250 samples Would be 
required to update one communication link With a node. 750 
timeslots Would be needed to update all three communica 
tion links (i.e. links to each of nodes B, C and D), yet the 
overall TDMA cycle might be only 100 timeslots long. 
A further variation to the above described scanning 

sequence could involve taking multiple samples at each scan 
point and gathering all the samples for a given scan point 
before moving to the next scan point. This scanning pattern 
can be termed a “contiguous dWell” pattern. Thus, the 
scanning pattern illustrated in FIG. 5 could comprise sam 
pling scan point 1, represented by center circle 46, at each 
one of a number of timeslots before moving to sample scan 
point 2, represented by circle 48, for a similar or different 
number of samples. All of the samples Would be taken 
relative to scan point 2 before moving on to scan point 3, 
represented by circle 50, Wherein all of the samples Would 
be taken for this scan point before moving on to scan point 
4, represented by circle 52. All of the samples Would then be 
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8 
taken for scan point 4 before ?nally moving to scan point 5, 
represented by circle 54. All of the samples for scan point 5 
Would then be collected before repeating scan point 1. 

FIG. 6 illustrates yet another alternative scanning pattern 
Which could be termed an “interleaved” scan pattern. With 
this scanning pattern, each scan point is sampled once before 
returning to sample a particular scan point again. Thus, each 
of the ?ve scan points represented by circles 56, 58, 60, 62 
and 64 are sampled once before a second sample is taken for 
any given scan point. Thus, for scan point 1 (circle 56), a 
?rst sample Would be taken at TDMA timeslot 1, a second 
sample at timeslot 26, a third sample at timeslot 51, and so 
forth until the desired number of samples have been col 
lected. This sampling Would be “interleaved” With each of 
the four other scan points (represented by circles 58—64). 
Thus, the collection of the desired number of samples for 
each of the scan points Would be ?nished in successive 
fashion, one scan point after another, With this form of 
scanning pattern. It Will also be appreciated that a “hybrid” 
scanning pattern could be used to blend these tWo alternative 
scanning patterns. For example, a mixed scan pattern might 
dWell for ten contiguous samples at each scan point and 
repeat that cycle ?ve times before updating the Center of 
Scan (COS) information ?eld With neW optimal pointing 
direction information. A scan pattern might even take more 
samples at some scan points than at others. 
With the present invention, it Will be appreciated that 

there is a trade off betWeen the number of TDMA links per 
beam (i.e. the number of nodes among Which the beam is 
hopped), the Width of the beam, and the response time of the 
link tracker. The narroWer the beam, the smaller the pointing 
error that can cause the beam to miss the target. Pointing 
disturbances do not occur instantly. For example, if a node 
A aboard an airplane ?ies from a dry layer of air into a Wetter 
one, the beam to node B may begin to refract differently than 
When node AWas in the dry layer. Ultimately the beam may 
need to point ?ve degrees from its original direction in order 
to maintain the link With node B. HoWever, this change takes 
time. If the transition from one beam pointing condition to 
the other takes tWenty seconds and the PAA beam is eight 
degrees Wide (four degrees from beam center to ?rst null), 
then several seconds Will elapse before the beam is seriously 
mispointed. Unless the beam is shared among many doZens 
of nodes, the present invention can update the center-of-scan 
fast enough to keep the beam on target to all the nodes. 
HoWever, if the beam is only 0.5 degrees Wide and the 
refractive change occurs in only ?ve seconds, the refractive 
change could cause the beam to miss its targets in only a feW 
hundred milliseconds. If this narroW beam is shared among 
more than a feW nodes, the scan pattern for each node Will 
take so long that the beam Will completely miss its targets 
before the scan pattern is complete. 

The present invention thus provides a means for providing 
closed looped pointing accuracy to TDMA communication 
links to thus signi?cantly increase the throughput of each 
one of the links of a communication netWork. The invention 
provides the increased throughput With the ability to scan an 
antenna beam among a large plurality of target nodes of the 
netWork. The use of closed-loop tracking further alloWs 
large PAA With narroW beams to be employed, Which 
therefore permit higher data rates over longer communica 
tion links than Would otherWise be possible With small PAA. 

It is further conceivable that the apparatus and method of 
the present invention could be employed, for example, in an 
underWater communications system based on acoustic or 
optical beams rather than RF beams. For example, the 
method and apparatus of the present invention could be 
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adapted for use in networking autonomous underwater 
vehicles (AUVs) operating underwater. 

It will also be appreciated that the invention is not limited 
to use with pure TDMA schemes. For example, Code 
Division Multiple Access (CDMA) or Frequency Division 
Multiple Access (FDMA) multiplexing schemes could con 
ceivably be employed in addition to a TDMA scheme to suit 
the needs of a given application. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
What is claimed is: 
1. A method for closed-loop pointing of a beam transmit 

ted by an antenna, wherein the beam is required to be 
scanned from one to another of a plurality of targets each 
de?ning a node of a communication network, and in accor 
dance with a multiplexing sequence, the method comprising 
the steps of: 

a) assigning each node to speci?c slots of said multiplex 
ing sequence; 

b) de?ning a number of scan points to be used in deter 
mining a center of a designated one of said nodes; 

c) aiming said antenna at one of a predetermined plurality 
of angularly offset locations relative to an initially 
recorded position of said designated node; 

e) recording a signal strength value of a signal received 
from said designated node; 

f) repeating steps c) through e) until a plurality of signal 
strength values have been recorded corresponding to 
each of said angularly offset locations relating to said 
designated node; 

g) extrapolating from said plurality of signal strength 
values and said initially recorded position of said 
designated node an updated location of a center of said 
designated node; and 

h) aiming said antenna at a new position, relative to said 
designated node, in accordance with said updated loca 
tion determined in step g). 

2. The method of claim 1, further comprising the step of 
repeating steps b) through h) for each node of said commu 
nication network in accordance with said multiplexing 
sequence. 

3. The method of claim 1, further comprising the step of 
using a translation function to extrapolate, from said updated 
location of said center of said designated node, a new 
plurality of angularly offset locations, when step c) is 
repeated. 

4. A method for performing closed-loop pointing of a 
beam transmitted by an antenna, wherein the beam is 
required to be scanned from one to another of a plurality of 
targets each de?ning a node of a communication network, in 
rapid succession, and in accordance with a repeating mul 
tiplexing sequence, the method comprising the steps of: 

a) assigning each node to speci?c slots of said repeating 
multiplexing sequence; 

b) for at least one of said nodes, establishing the follow 
ing: 
an initial reported location thereof; 
de?ning a number of scan points to be used in deter 

mining a center of said one node; 
a center of scan (COS) ?eld including information 

needed to aim said antenna at a center of said one 

node; 
a next scan point (NSP) ?eld de?ning a predetermined 
number of scan points, wherein said scan point 
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represent a corresponding plurality of pointing direc 
tion offsets, in a predetermined angular orientation, 
from a previously determined center of said one 

node; 
a signal strength at last scan (SSLS) ?eld for recording 

signal strength values determined at each of said 
scan points; 

c) retrieving said next scan point; 
d) retrieving said information from said COS ?eld; 
e) using a unique translating function to generate, from 

said next scan point and said information obtained from 
said COS ?eld, pointing information needed to point 
said antenna in accordance with said pointing direction 
offset; 

f) incrementing said NSP ?eld; 
g) pointing said antenna in accordance with said pointing 

information obtained in step f); 
h) recording a signal strength of a signal received from 

said one node; 

i) repeating steps c) through h) until signal strength 
information has been obtained for each of said scan 
points; and 
using said signal strength information obtained for each 
of said scan points to determine a new center of said 
one node. 

5. The method of claim 4, further comprising the step of 
re-pointing said antenna in accordance with said new center 
of said one node determined in step 

6. The method of claim 4, further comprising the step of 
storing said new center of said one node in said COS ?eld. 

7. The method of claim 4, further comprising the step of 
repeating steps b) through for each one of said nodes in 
accordance with said multiplexing sequence. 

8. The method of claim 4, further comprising the step of 
repeating step h) a plurality of times and obtaining an 
approximation of said signal strength from said plurality of 
recordings before proceeding to step i). 

9. The method of claim 4, further comprising the step of 
de?ning different numbers of scan points for different ones 
of said nodes. 

10. The method of claim 4, wherein said scan points are 
integers representing said pointing direction offsets. 

11. The method of claim 4, wherein step f) comprises 
incrementing said NSP ?eld by an integer value of one. 

12. A method for closed-loop pointing of a beam trans 
mitted by an antenna, wherein the beam is required to be 
scanned from one to another of a plurality of targets each 
de?ning a node of a communication network, in rapid 
succession, and in accordance with a repeating multiplexing 
sequence, the method comprising the steps of: 

a) assigning each node to speci?c slots of said repeating 
multiplexing sequence; 

b) for each node, establishing the following: 
an initial reported location thereof; 
a number of scan points ?eld; 
a center of scan (COS) ?eld including aZimuth and 

elevation information needed to aim said antenna at 
a center of a selected node; 

a next scan point (NSP) ?eld de?ning one of a plurality 
of next scan point integers, wherein each said NSP 
integer is representative of one of a unique pointing 
direction for said antenna which is offset from a 
pointing direction presently de?ned by said aZimuth 
and elevation information recorded in said COS 
?eld, and wherein said plurality of NSF integers 
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further represent a plurality of offset pointing direc 
tions circurnscribing said pointing direction pres 
ently de?ned by said azimuth and elevation infor 
rnation in said COS ?eld; 

a signal strength at last scan (SSLS) ?eld for recording 
each one of a plurality of signal strength values 
determined for signals received by said antenna from 
a given one of said nodes, in correspondence With 
each one of said NSP integers of said NSP ?eld, 
While said antenna is aimed at said one node; 

c) retrieving a NSP integer for a selected one of said 
nodes; 

d) retrieving said azimuth and elevation inforrnation pres 
ently stored in said COS ?eld; 

e) using one of a plurality of unique translating functions 
to generate azimuth and elevation coordinates for said 
unique pointing direction corresponding to said NSP 
integer; for said selected node 

f) incrernenting said NSP integer; for said selected node 
g) pointing said antenna in accordance With said azimuth 

and elevation coordinates generated at step e); 
h) recording a signal strength of a signal received from 

said selected node in said SSLS ?eld While said antenna 
is pointed in accordance With said coordinates used in 
Step g); 

i) repeating steps c) through h) until signal strength 
information has been collected for each of said NSP 
integers used in said NSP ?eld; 
from said signal strength information recorded in rela 
tion to each of said NSP integers of said NSP ?eld in 
step I), extrapolating neW azimuth and elevation infor 
rnation representing a neW determination of said center 
of said selected node and storing this information in 
said COS ?eld in place of previously recorded infor 
rnation. 
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13. The method of claim 12, Wherein step h) is performed 

a plurality of times before proceeding to step i). 
14. The method of claim 12, further comprising the step 

of repeating steps c) through for every one of said nodes 
in accordance With said rnultipleXing sequence. 

15. An antenna system for communicating With a plurality 
of nodes of a communication netWork in accordance With a 
rnultipleXing scherne, Wherein said antenna system forms 
one of said nodes, said system comprising: 

an antenna; 

an antenna control system for airning a beam of said 
antenna at desired azimuth and elevation angles; 

said antenna operating to: 
scan each one of said nodes Wherein each of said nodes 

is assigned to a speci?c slot of said rnultipleXing 
scheme, and to obtain a signal strength value of a 
signal received from each one of said nodes at each 
one of a plurality of scan points representing angu 
larly offset locations relative to a predetermined 
center location of each of said nodes; 

record each one of said signal strength values; 
from said recorded signal strength values and said 

predetermined center location of each of said nodes, 
determine an updated center location for each of said 
node; 

airning said antenna at each of said nodes in accordance 
With said updated center location of each of said 
node, such that a closed loop system is formed for 
repeatedly determining a center location of each of 
said nodes and re-airning said antenna at each of said 
nodes as said beam of said antenna is hopped suc 
cessively from one node to another of said nodes in 
accordance With said rnultipleXing scherne. 

* * * * * 


